Oln! S 9 Gl (pusian (Sidgy (oode &y
VP bl . cld g o o kol o0 3l90 JLw

Lty o5 31 ooliiwl b (g e T 21595 GLrasls dduduis (5 5lwaingy
SPEA-11 g PESA-II islS1 s

HT VP RVPIPE TIPSt -3 IR St S
ILCRVALYA SEN (W F P
VFer VY dy f,U

B9
) byl s 1y 31 4 S s Al

US>

‘5>‘).’o oo B u,u.:‘;ﬁ‘ 9 ‘Sslm)j LsLQdJLOL.U 6)|;>J.Jo).e‘.) 9 WL..J u&y J:d.a..)]b cuT é)L\A AJM u.u)?m aQ 4.}5.: LJ
S S5 ol 455 sladly) 118 Lot Gkl 4830 (08 asenS s s3lge 5loy5,5 5| S ol
Pl 5ol Cay et aSCl S )0 5Las 05eS g A jo (g ilwaieS Slual b diged aSll iz )0 (g5lwaige altuse (Gl
Sl ;o5 (cawgaS Gk 5l ddasaiz (olwaig -‘*-’";3 9 & oolatul digad slaaSl (S5 oe Jd> ol EPANET
i o b lads lanl an e &l .cd )5 O a0 EPANET & LmQT Jlasl g e 15810 5 o SPEA-IT 4 PESA-II so9s1,8
a5 )Lad jlme oagame 5l g 5l (OU a5 (gany Ly yad 50 e D iy ya ladlg) Jobo 5 ylad s alal) (288
olass b loazs sl g ol 009381 ali (pl 4y 5 cailoads a8 )5 Jlas o e £v g Vo g @ jlore Hlid iSTas o 8l
e slols 8L o oYL oUles ey o1 cpl ols lis bl o 5 ol wed w25 Cloz (s 4 a5 ol )| ,SS
2o Jo 4 B oS Do (o e 0gd oo cam jLid lre dga 5l gaad aje 38,5 A jo dag oSl ol o ale
29,V b e o8l g0 2 sl (sladl g a4l )0 (LSS Sl b g 09l fol g jho jlid 095 g Yo
Casd (6 iy g Sloz Slass 4y ST VF 5 Voo b cws 5 4 SPEA-IL g PESA-IT slapin 631 gl cnsY aSiis
Slapi,; o5 szl loj cslatl> g0 4l 10 4S5 9bar b ralS g BB jsb 4 ol Ko 4y o) oy 9 oS o

90 4880 VI g MY o b dy (undY ATl )0 g 4880 /0% 5 /00 o35 4 SPEA-IT PESA-II

SPEA-II PESA-II gy s_:T X9 Sl dud W (g5l tguudS slaolg

Negin.zr@yanoo.com .l wlisle S ¢3!, olKasls ¢ 53,5laS 0uSCails «ol cwiige 09,5 ol gilin (swdige o)l cwlit IS
(Jgime o gd) 2.8ZAN@TAZEACIT () ) colile S (5l olKtsls ¢(55,5LeS 0uSzils el (cuikigen 09,5 o Loils |

mm.heidari@Ut.ac.ir «) ! coliile,S o531, olfiils ) ,9lis caSiils «ol cwiige 09,5 botiw! ¥



o

el g e

Sy w2l @iy et hb Gileane Gl
G SLST gl pdises gy A o Slas]
ol asls slpris 1) 048 o 00uel PHSM) oo JU,2
gy sbaojluil b Ol mjg e Cd2 (555 Y9,
> aen ;0 PHSM) a5 ols lis mls ol sinlesl
Sladzely (oSl celll 5 Slalre 035l e
Lol oS 5 oo 1y oSk ity iz & o3
Marques et al. .ab oo Sial3dl aSlis ol o s
oo )s bl | T @595 s (53lwaine < (2015)
St 4 oad SU adamaiz oud (gilwdnd Wy
ols plaml (Sdgyoee 9928 2ol 0,500, b (Selg e
S olate Slasl 35,5 5 0 b wlyie s, ool
Doet oS alilis casl slacaskhd puc 5 Jaoes Cons
L1 o ass i o Lol (ypass « al. (2017)
09y el aials 18 anlllas 590 S o, 5l eolazul
3,lai b st Slaad b ol poles (sl 609,5 olaws 4y (g3LS
Sglice Lol osSI| plaS o aiilgi o Jo o bao,S
Sy pinysS ol Sl s aidl anils
Ay opmedd 0,8 0 0 1) Lalas glaeSl wilgs co alfous
ol Sl e S« Minaei et al. (2019)
0)90 ol 3,5 (Byme T e sloaSd (silegs sl
slosliinl b g 00,5 penndi (3lugi 51 cpaiz 4 Ak
&olwaigs SO EPANET l33le 5 s NSGA-IT o5
g ol plol aSll losedol ColilB g aiyjo oo ddanais
e 3,80, aw B iz gileg laasly sl 6l
3,509, 45 a8l y0 20,5 Jles!l 28lg 4l (59, 5 09,5
Palod et .ccul sasl,l5 g 56 4 56 csln 5 )b
1, JayaNet <G ial,b ué (s5loaigy g, al. (2020)
=S5 45 oy 5 4 ol e lae a8 ez sl
byl g o9 EPANET l8ls 5 5 Jaya oS0l 5|
] s 2533; Comar o310l 5 s il i
30 a8 Hlaz (gl 0ads dig sloa p aS ol lis e
s b ine o gl 55 L b ol (s, oo

MR SR

olnl o 5 Golel s (id g3y sole 4yt
1Fe) el el g o o kol o0 3l90 JLw

dodso

Oygo onl 4ol @i sleaSed (b Jslate g,

gy 5 00,5 bl | iz slaasy ;5 oyl b 48" ol
slizl e oduzmy Laly; Jodo 4 aiS oo (leand
WSed ALk Sgnge 4 e AT (Sld e il
@ el JSiie cangio sl b slaaSed 3 (s> g o
Sloz a5 09 ralas plgioed (g onl Sl esliiul L ogdle
J> sl ol G lple 28l 4y alol>
S S Syge ol @iy el sjleang i
Oade Silotinte slaghy, l eotaS eslitul &y
as Jow 5l c Atiquzzaman et al. (2006) el oo
~agy sl NSGA- (jludings o ,sSI s ol Lo
aS a8l 0 g wo S eolaiul ©f mje leasls g5l
Syzge dzog 4 byl (oSl ol by Jge (b 4 je
Zheng .syls (Sws o 5 jo il 0 )50 ,lid el 4
aasaiz slopl, Sl LS sege « et al. (2015)
aSd 4 ol e A S i Gk Sl LSS
alllas 350 4525 LSS 5l ool b cilize ol
olo pylas ol &390 ASLD 99 50 gy ol sl sl I8
W S ) e @l Sl B ool ) &
St il Jolate o5 (S92 slaps ;o8|
36 «Mora-meliaetal. (2017) .aas &l,f (4325 (50
b Sl el slagt S IS Sna o5l
il a5 axil o byl w5 w1y o slaasos
Sy g b Jool ) CodsS el p See G008 e
D) (S Cumezr ojlil a4 il ol e
L3> 00,55 « Moosavian and Roodsari (2014)
maSd e (b lp 1) g S el a2
onl 5l ool guls aisls 1,8 axllas 8,90 O 20565 slo
banolie o as ols ylid Lo algd aSils a jo 13,651
S o g i Qliell SLLB L (229518 sla 2y, nle
Khedr et al. .ogi oo |, X0 (6 pl jor i 40 (5 5YL
So ye a ]y ol @iy e xiuly ¢ (2015)
ol 5l oolasul b ddas aw (g3lwdings » (S 9,09,
2L 5 S bt sy JLE cwy 5,96 PA-DDS

Bietal. (2015) o5 s iy ;0 00,6 a5

144



Oln! S 9 Gl (pusian (Sidgy (oode &y
VP bl . cld g o o kol o0 3l90 JLw

Vi 3 e Jole 5 plye 4 oo S o jlome b ST
ool oais aid )3 a0 o oS o) Kew S s o
alizee s g, 6 5 5w boads G ol H0 1A
g_:lote,.....u slew.u)ij‘ U"‘ )lS.‘>L~u C)La‘ 9 n\.w.aLo.A 5 0531.9

05,5 451 aaSes plos 4y T et gy (lons|

w‘oMJ&ww&:so;vB:ﬂ}J/\)‘md‘
so Voo b dan Job il oo adl> g0 Joli a5
gl gdge 28T elihiy (e po g 2Ll o
S RV G PRV U SN IO & R SEOR
5 (M) Gy 05 )| i 0,5 50 (gl aliy,S
-V US) ail oo (MM) oy dlg) Jhad g alg) o)lous
Lansey lowgs a5 cuwl glaSids S0 diges aSls (Al
g g V& glyls asl opl ol 0o 54 et al. (2001)
JQ Lg‘)) Ms; J.>L§ Q‘J.C‘ Jw:l.:‘sa u).z.a u_i.! 9 o; AR
Lolas )‘\.\M 9 (m) o> o)f &LDJ)‘ u_,.».:)) L o)f

(o =) JS) Canl oo 03,51 (V)

(1) }—L
[1:457.2]
) M ()
/O [2:254] A A ~
[160.27.8] - - [150:27.8]

/C: [4¢101.6] :D\A

[150:75] [155:33.3]

18:25.4
[5:406.4]

» :7 [6:254] ®\

[160:55.6] [165:91.7]

39 uonal (glad b dduais glap oS 5l colarul

R Axsi 950 Sgamme Djgo 4 3 Sl )0 o
ol 485 5 4 gla ) (sled yo (Byb ol as S
Jsb 5l (2B L Ban &l 5 (S plae 4 4o L
5 Bl I gass de > g 009 it sladlgl Jlad

o9y 9 dlge

s sl EPANET oy 51 o ol o

ol g slwaige ol solatwl Slepl slaaSis s un
PESA- 55515 sl oS s 3ob 51 ailols
62 @ o] Jlasl 5 e 5l 5 Laime o SPEACIL 4 11
Sl oIl 0 )5 4 3 )b SIEPANET 133l 55
9818 Gleph,sl bl L85 Dige el
SLid 09meS g ane (ludinge s J> )0 dsnniz
a8 load aslis sl Jlo 32 )b 5l Sl pl slaasis
Cosdh oy ciliis (glagy oSl Ly 4L8AS Cliios

50 a5 Byre aSl g0l Ll ol 10 .05 0 g0 ]
Uil Gl wel ool solaul gyl 5l ol Slidss
s oolitul SPEA-II 4 PESA-I sla o2, I8
ol By pra (gladl> 50 4l 4y o35l 0590 Jol 4502
24 S ,=e Alperovits and Shamir (1977) Lwgs a5

[50.3,41]

(<)

[45.7,0] O

[39.6,27]

[41.1,22]

oY A — gl g3 Ao — Gl (1) Kb



o

el g e

olnl o 5 Golel s (id g3y sole 4yt
1Fe) el el g o o kol o0 3l90 JLw

(Lansey et al., 2001) owi¥ asis sralgd WleMbl :()) Jaua

(i o (mm) b
VY. F./7
K fOVIY
Voo f.2/f
Voo Yoo/s
\Y- Yef/A
\Y- A4
q YefIA
q VOY/E
q- Y- f/A
q f.2/f
VY. fov/iy
Voo Yoo/s
\Ye Y- f/A
Yoo YoOo/#
Voo YefIA
q. f.7/f

m) Jsb Ay o lacis
YefA \
VOV Y A
VovY Y
\eYEIf ¥
A\R¥Z 4N 0
\Ia%dAT 4
VYY) /7 Y
Y&y A
A\RIZ4IN q
FY -7 e
YAAVY AR
VovY 'Y
AT A%dAd VYW
) f/f \F
\YYAY VO
\YYAY \#

Geb ) Job 9>y 5 4n3a 5 piadee o Laaly)
(Atiquzzaman et al., oo a85 L 0 (V) Jgox
(2006

Sl pl aod (g5l dugy

&b S B s G ol o sileange aliew
= p9d Bae (blis )0 gl (b anie o)
W35 )18 s J5 53 )La3 5965 Egemme (135 dieS

s JS (b a 50 (g0 aaS 1 sl s

29812 Glapi o8l 5l plas” 2 LS (o) 2 sl

@ anie @b g ol (955 oy 5o eslitul 350
alal) )50 @ @l Gal Jsl Ghe) 5o s,5 R ysd (s 90
Jsb g kd g anze (o alal) 285 L o L dais 5 (V)
dorz (1) abal, b Bllae g0 (g )3 g o iy 25 Laely)
03938l abul; 4y 5 JLad jlne odgacee I (S I AU

A
MinimizeF1= ¥NL Cy(Dy) x L ")

Jsb Li «Di ,ld L algf Jsbo axly y2 asze Gi(D)
a8 s alal, il e a5, laaly) slass NL 4 aly)

A



Oln! S 9 Gl (pusian (Sidgy (oode &y
VP bl . cld g o o kol o0 3l90 JLw

(Atiquzzaman et al., 2006) aSuwis (g odlisuw! o8 slralgl aig 3 g 39bw :(Y) Jouz

($/m) a3 (mm) ka8 o ,Las
O Y- /A A
7o Yools !
q- t-7If \e
VY. Yav/y AR
VY- 0-A Y
AERS DOA/A VY
AR Fea/F A

($/m) a3 (Mm) ks & yLous
Y Yo/t \
I IARZN Y
A Y&Iv Y
AR Ve Vg ¥
\$ VOYV/E 0
Yy ARAVAY i
Yy Yot Y

Cm=CmB+(max<1 - (L)> ,0)?
)

d;LEA ‘).’) cDloads w;)ﬁ)apx‘ﬁ Cm, 5CP°
).3‘).3 o)f )d )LM..‘B as G».».»ag (_g‘)g O 45‘)| J}A)S l.:
a0 Wbl oad ad,8 i o lad aSlas b Sl

A5 3l A anie g slome jlad ey STe 5l Gl 51 20
4 Pmin , Pmax .ssd oo yio jlre ,lad J8los 51 oo

S0 5Led P adloass aib F as o e Yo g Fe plp ooy
Mb‘soo;

S50 Jlid 0geS fgamme (50,5 AlwS ipgd Ban
ol oolazul (7) alal) 51 jslate pl (sly

MinimizeF,=Minimize X% (Max((pj"™ — p;),0))

*)

Slolos ;L2 Py 0,5 )5 5L 550 ,Lid Jilas B
il oo a8l Ho o S Slawi NP (j 0,5 o

Jols O @5 sloaSeds (gluding alius )0 3418
Oygo 4 S aied (655 sl doles 9 (Siwgu aolee

oyl sy 0 (55 5 00 |yl bl l38le 5 50 5095

Jsbo o=y o anjm g lab o 2L Al 4 4z i L
5 (V) akly &jgoh Jol gy 5o ol Sas @b o)
el Salgs

MinimizeF1= Y4 (3.5712 x exp(0.0081(D;)))L;

M

3 shss 5l (oAb as > (58,5 a3 o b pgs g, o
S anse 3,5 aneS Bas &l lid jlome edgas

aalgs (V) alayl) & g0 (6 5lwdigs sbopis oSl ,o azd)
209..!

MinimizeF1 )

NL
= ((2(3.5712 exp(0.0081(Dy))) X L;)
/1001(=)§ + (r x (cp + cm))

aS Cowl Hlad jle oagase I s 5l LU aey > T
=i, sl Gy ) bl so do g yro o (Bolal sae S
wid ol slclsr swyp o [ alie olie b b
Solsz wg 4y aST 009050 (e (et w29
M opolie 2Slaz g Jlao g 005 wod oo ylai 0590 aige
3 gls 5 oBb anse G (ad s byl &b o
Sl 5l oad 5o 5l (B 438 Cm loxe jLid oy 3STLe
il oo o Lid

Cp=Cpn+(max(( P )— 1),0)2

Pmax

M



o

el g e

Qe 0 5l (9,5 Oby> Qout 0,5 4 39,9 (b= Qin
il e 0,5 o Lolas

aal> ja 9,0 50w C8l ggexe 165, (sl Aol
(Sedki and ouazar, 2012) sib yao b plp Wb

Zieloop 1 AHi:0 Vv leNL

)

il o | gl s an il AH;

PESA-I s 595!

(Corne o &l,1 Yoo Jlo ,0 PESA-IT o 63!
PESA o551 pgo asuus ool ! €t al., 2000)
o Lo ] Salis g 03, K0S, alie [l L 5l a8
ool yy Sl PESA 1y 551 3o sl bl jSlas g5
bl PESA-N o s3Il 5 5 9,5 oo &5 ol
"o w8 nl e (@S el 48 358 o0 plnil (g
Adasnir S ek, gg o PESA-IL g
Jolds a8 el ()15 50T S5 (51,1 g 99 g0 Cogamne
Bl ge gtz wl)8 )0 oud aiS Csliel slaclse
Gllae Boa (slad (glaSeds (ot I o5l
S s ooliul (V) JSo

F2
‘\ . .
*hx | i
________ E"-------:r-------
oK i
......... A S
e Rokel

olnl o 5 Golel s (id g3y sole 4yt
1Fe) el el g o o kol o0 3l90 JLw

Vo

-U S a pas awd e Ol Rl 0 08 O g0 4

sy ;o al 55 &g 4 L p ddal) e s 08
(Montesinos et al., 1999) ol 1,8, aSis

ymin <y <ymax j=1,2 NL

)

ddy o cepw Blas VI G ody s cepn Y

Abl e dlg) o Ce s iSTas VX

loskad acgezme 4 3lae Wb gl o b w3
{(Sedki and ouazar, 2012) ol LI5L 0 040 (5l

Di e {D} v ieNL )

Sg> g LS)L’."-:" le.b).la.é AL goro D ai =U5J /Ja.§ Di

Egozme b 0,5 4 (69959 0L,z Egemme 1 Kiwgny aloles
(Sedki and ouazar, osb ply o 5l >9,5 b,

2012)
i\l=Pl in'ZiN:Pl Qout:Qe (c\)
e
> Fl

Sup lad glasiuls (g pumdti (V) Sl

1blise 525 ©ype 4 PESACI o2 o015 Sl

sy ] S5 olml 5 o] o)l g sl Comor ol -
s

ok 9 S ez sl slael Jlit Y
Sl (Sl

el 5 ey 3 sk s Sl Jlazs!

1

Fe (no)P

QR

¢ Jobw Sl Jliz!pe € Jolo slacl slaxs ng



Oln! S 9 Gl (pusian (Sidgy (oode &y
VP bl . cld g o o kol o0 3l90 JLw

\Al

oS 5 g i 3l eolawl b o)ad; )8 Cuses ol -7
(OIN3,8) Wz Comex b5, -Y

Y al> e 5l S5 -A

Pt U Diacgomme ;0 39290 wsliol (slaclex ples (¥
Soxe S S oo Jiie (am al>pe 923,D) Pryy @)
il )] e b b ol azsly Jlisl slael slass oS
XY SR | CAPR

15 0dd 0,5 wslial slaclsr slaws S1: gl cJl>
Sl (] Py KN wsl 1eS (V) o byl 5l g )]
Pe U Py ) 05290 slie laclsz 5[ By, |- N olas
Lgh adlol gl

30 0dd 0,33 Lglial Glaslax dlass F1iage >
s b (| Py ) 35l s ] b )]
gy | 51 i o155 95290 slocls> 5| By, - N
A0 ,8 B

~Slsz il oad Biome B8g5 Lyl oS 590 o (F
"0 S @l sl lye 4Py sl sla
oS

Prar S L onlly el Caayg 5l eolanal L (0
oS s o]

Ngd oo plml (pally 59, p @bli 5 Sz Sliles (7
g g0 ol Py g

(Ao t+1) oS oo aslal oas )las 4y axlg SO (Y

Y al> o 5,15 (A

S5l Al

S e ) Oyge a i Olgx e Sud e lal

:09,.13
i€p, Up;
ay)
si=Hiliep, U pt&i>j}

QD!

5 Lgaberdi 4 axg L Lol glacl Bis> Y
Gl Condse
3L Dygo 0 ols dalol g awsls byl oy o -

SPEA-II itz ;55

1299 Lo ;5 SPEA) 5L & ,08 LlSs o 65
o8l cg> a5 (Zitzler and Thiele, 1999) ws 5 «l )
2S5 3 5k A degerme 4 o053 slaclsr acgexe
)JuTwLu|5¢)SL540QLM‘ M»Mswj) R
Sl wilon o 598l (nl 5o g lginl S5 e ol
oS Sz ) 5] 5l R (el slae 51 S
- oo <8 1,58l gz (b )0 a5 Cgliel lacle
g brcins 6hls aiiysSll ol ad 4i8,F SaS igd
355255 ety | (Bl slaslsz Bl gz ol alex
'ub} RO [EPTew) aS MS; )|J.9 oolaul Syge 6&.4.)4“5}
pled (Sl p drmslons ol (riznan 098 o0 (5500 lo
Bigh slio agaly S (15 05, Laug o logiuly
O 3 b 5l isiee GLSy (Fijln Jlde sl
o, Zitzler et al. (2001) cplpls ool oois
Boges Byb o |y ] slachns g Wowisy sgago |, SPEA
ooyl 50 .58 57 3 e SPEA-IT o )63l lgie s
Bi> slp ools xj55 » e (59,50, 5| SPEA-II
aslre sl 69,5, 5y sed)] Sl slaclsr
6‘).: o eolaul JJ)L> ).uL: ugl:.‘c 6Lbu‘9> A goxo
Sl (Kolaod (2 5005 g 5l il Jule (g3luosly
A 38,5 050 @598 J S

b pj zro 4 SPEA- 203 )15 ol e
(Zitzler et al., 2001)

=0) JB sl colo 5 ) adsl Cumex ads ()
t=0 o ®

Py 5 (€55 )0 ol Cumoz) Pr (S5l sl (¥
(155 5 5ey)



el g e

Dl oo cawd k=N + N dolas 5l 55K jlaie 090 o0
-@W)TWQIMN5¢J5|W.>1M)JJJN

155, oo dnlne 5 dolae 5 i wlyz (ST azdl
D.=——1

LTS

(o)

Dige 4 Slox o Gl ol (Sl lade (ol

Fi= Ri+D;j \5)
odds ools las (V) JSo 0 EPANET Sds 0 5l

olnl o 5 Golel s (id g3y sole 4yt
1Fe) el el g o o kol o0 3l90 JLw

g 2 sy el (Sl oslails; polie jloslaal L
D ggerme b ogy sl il oS Wl go Cuss &) Comex

as )5.19 uLon .&‘oé; A_JSJ.’.A ‘) L)T as LS’LQU‘P L5‘°L°"’

Ri=Yjes,upe &j>i (S1)
QhD)

AP gy Gk il ol w515 ol
Clyz alols lol jshate (pay 095 o drlons  Solovon
s atuiis 9ud,| g adgl Coman 48 laolg> S5 Gl

lold Wgd oo 50 (3920 Dyg0 4 Jolgd (nl G g
S5l — 5 3 lwand aiyT )3 plox!

)'1 Slaods> ‘A.aljﬁ 6‘)—'." 0950 L prevn; c;’L"""] v
and b Jlasl jo b, o8l ol 51 S o slz! >l e

|" “-

{ [
i H

'
i H
; :
i :
! gl A g latgs slans 5050
PESAII,SPEATI | e ™,
| apos sle,mal)l aodes '
: (oSl yann Y slae Lo :
i '
H Lova & go oo oo lzBa ul=e .
i Larada] yo s s g loca H
! '
: asn  Sleias Ll
| Cepdgasme o Bom ales Al 4zl 3, :
e e I '
i H
i H
! '
i 1
: :

. .

EPANET Jowo b JUasl 5o ol5Ty3 by 16501 sl Jolpo ol ol 1(F) JSi

vy



\Al

Oln! S 9 Gl (pusian (Sidgy (oode &y
VP bl . cld g o o kol o0 3l90 JLw

SPEA-II oz, ol 5l Lol csiiie clacly>
Sloz 5o s jio jLid 0508 (6l)ls (B9 99 2 0 s
A ol g 15 g LS5 Yoo on 5l Lol coiie
oo glacly ;o adl e e S JBlas Sl SS
039330 )3 Ly D IS 50 503 515 9 5l Jol>
Sloz 3 (2lSem a4 Gan; Gloj g anza o)ls 18 Sl
oo ba)lSS ple Sl 5eS s Q1SS Y ) ol
S ST L2l )0 i 40 o3 slacle olass
pioosh szl lpbe el i LSS ple @
sladl> 93 Sl (glwarags S pod s, 4 SPEAI
sl 4 Cad Gowle dip ol ady co
e Jol gy & e ysN)

Sl s b (pdime plo slagiagsy 5o @Sed ol
3l 4 o o8 (BA) S o 98] wile il
(SFLA) a2lyo8 oS5 itz wiysSl (SA) w5
Silotiny o8l (SS) oasSTy soinz o 6N!
it wssl (HBMO) e i) (5 i
&ilwainge (PSO-DE) solpriy oS5 l)d ploo)l
ol i pl o oads Jol> an e J8las cusl onls
JLad Jlas 28,5 i o by jlad sgeS 5 Yo FIA L
o polo gl ) Al (nl &5 wloe jho e Y
ab oy odle iz ol o a5 Sl ol b s Jols
&b SG plye 4 )Lad 09aS 3,5 Bl b iy je Saa
Lad jloxe odgace I (gaad anje (38,5 I 50 5 e
Sy g Wb Jolo i dng sl ol
GireS by S8b RIB s BB ek 4 ol S
oais olid aF wel Cawsds Clez p e oSS slass
Slagbsy) 4 Sad Ghaghy cnl po 438, 15 4 ) 6 F 0
Joazx ;0 aibice o ple Cladod jo oal a8 5 S
Ol eiis Lo gl b 3eios ol gl anylie ()

el 00 00l

Y g sl sleasds gluaig 5l Jol> s
Sl S 51 eoliul b dingy (gloyla 3l um |
b S s ) g, 90 & SPEA-IL 5 PESA-II
ool anze b Gy b ey 580l cnl slyzl s
Verrr g Veeee LSS olaad by anie 5 jhas ala,
Loyl 6zl 5l ol @l am by, 5 o dulie
&b 5o lad jlre sgam 5l gusd asr 385 Sl o
sl Cloz oy 4 Gy B olo),S5 sl b asyse
2005 dunlie (LS by, @i b g ud
@l adlo 90 Al (g3Lw a1 Jol> i

;3 SPEA-II 3 PESA-II Glaps 6l sl >l ol
S99 5l (s oy (5135 IS 3 (g0 sladl> g0 4l
g Verre g Veeee S5 olaws b (sl (b)) sled e
et 555 L g s N sl 51 ol b
Yo b(pgd hg,y) ause ali ;o jlid sbxe og0s 5l guws
$b sl LB 5o 5 Sl Ve Sge 4 IS
“Olgz (F) Jaao v az g b L((F) i) wlowss ool ol
95 00 PESAIT o280l 2l 5l Jolo s slo
a8 o SIS Ve b pgs (g 9,185 Voo b ol
22 0 byl )5 S g oo )5 o jlid g aites jio jlid
"o oD e jlme o3gazme ;3 Al S s 1S5 g0
LSS Ve ee e Lzl o jlid 0aeS 092y Judo 4y anil
Sl 5eS g 5l phm )3 Cepm g oo )S (S o JLad
9y 20 LSV L2l ol an e ol jlone JSlos
wiloe Jol gy 5o SIS Yoe e e b2l 5l 5aS e
G595 3 FeS Sl pgd B9y 50 @hKes 4 Gaem, (e
Yo )0 i 4 S0y glacle slass yuoren .ol
55,5 3 ol el a5 b 51 s S
s sl anpe @l ) jLid e Sga Sl gaw a0
395 o sl 90 4 (55lainge <> PESA-II
A5 g sl Gl 4 Ced e slaclsr
B30 JLad jlre Sgax 5l gasd anye (288



Ol &1 9 ilel (o (dupg 3y (ade 4 5t
1Fe) el el g o o kol o0 3l90 JLw

V¥

1200
A J—
¢ - -
1000 | 30 A -
1 -
[ ] w
4 B00 ‘20
- Al »
1 600 | 10 . .
= ‘ LY - . ® LY
—. 400 . v
E Ad 0 .
200 ot 350000 . __ 456000 __ 7550000
- Y
0 A . “___}_‘“ ___ o B S P
150000 250000 350000 450000 550000
[ PSS
F PR el P R o
S 1500 300 5 % *,
! (1) ey 00 s (V) e, !
5 b 1 |
!4 1000 v | 4 200 BRI Koy ST !
E 3 1 X i
| 500 | 4 = 100 e o, -
| E higy E - E 1 ” i
1 1
o L n oL Vmae, |7, § :
:l 150000 250000 350000 450000 200000 400000 &0O0O0OD 800000 soppoD 405000 220000 435000 .:
. (Sj LR '[5]' ] ($j T K
SPEA-IT
1000
. 30
800 AT T T
'1 2[]'l '. - .
' % LY
E 600 | o SR .
4 . 10 1. .
= 400 - L og AA
E . R«
= 0 K o |
200 350000 _ _ 450000 . 550000
0 ll'iu. Py — '"hl S-.
140000 240000 340000- - - - _440000 _ _ _ - 540000
() U
A F510000 o fs20000 xR 20
/100 1000 4 P
L= - T) &
i 80 |, L=t 200 1) e ._13 ¥ [ =T i
. A |, e B LG |
P oA a a4 800 . 92 *® |
RN 9 a00 |, =, Xy :
=S N = !
=i} i - £ 1
E s u . - . * :
1 1] & 0 LT 0 . :
1
' 250000 450000 650000 140000 340000 s4pppp 405000 425000 445000
N, (5) asye (3] wzn (B e i /!

14l 93 a5y ;> SPEA-I1 9 PESA-I1 clapsis ;55 97, sla logos :(F) JSeio



Yo

Oln! S 9 Gl (pusian (Sidgy (oode &y
VP bl . cld g o o kol o0 3l90 JLw

lail> 95 a5 45 SPEA-II s PESA-I1 slapsis 651 cusiin diutyy sz :(Y) Jou

E TR S BN ST
PESA-II
SPEA-II
PESA-II
SPEA-II
PESA-II
SPEA-II

M

M \E

$) 4 32

\Zaakl
BATYY)
LSVT

FAYSYE/Y
ARERE
ARERE

(M) ;Lid dguos (min) 1,21 4o

YAIYO Y7

ladl> 90 4 sl Ao sla g, 5 Jolo @l (F) Jgux

PEIpPLlll
GA (Savic et al., 1997)

SA (Cunha & Sousa, 1999)
SFLA (Eusuff & Lansey, 2003)
SS (Lin et al., 2007)
HBMO (Ghajarnia et al., 2010)
PSO-DE (Sedki & Ouazar, 2012)
PESA-II (This work)

SPEA-II (This work)

$/m) &y 32

A4

£1q. ..

4. .-

19 .-

19 .-

4. .-

4. .-

AREEE

(M) ,Lid dgmes BIFCEIIRTS
LIRS
YO o
VAFYY
ARAIN
YYo

YA

VE- LSPEA-N o2y,s50l clyy 5 ,,55 Yo o LPESA-II

5k lologes LB o S Olg Ve g 4

K<

) J5o) Sloals ools QLMJ

¥ Ay (5 st 31 Jol gyl

45t ;3 SPEA-IL y PESAII slagzy o5 sl 2] ol
@l g Verre g Veeee LSS olani b Jol oy, )0 (oY
el sl pes by, 5o el lzl Sl Jol>



Ol &1 9 ilel (o (dupg 3y (ade 4 5t
1Fe) el el g o o kol o0 3l90 JLw

ik
15000 <00
12000 400 T
"i 300 [ 4 i
§ 8000 200 |' A i
- Y 5
= 100 > k
£ 6000 e v
E 0 M
000 A 850000 1000000 ~ 1150000
M B
0 Tt o
300000 500000 700000 500000 """ 1100000
(3 e
A $210000 e\ 5220000 x 53200
" 20000 - a _ ",
! \ () B 1400 O L) BE=TH 'i
:‘115“ RECETE ‘1 [ ] AT 15 ¥ % R :
L4 21000 : % |
| = 10000 g k 92 :
el ~ —_ I
i g so00 | £ 600 'l.. E1 * ¥ :
[ =5 =3 - H
! . S 200 * 0 X % !
i 300000 BOOOOO 1300000 500000 700000 500000 1040000 1060000 1080000 |
(5) wia B) wse (5) wja
SPEA-II
1500 | 4
F s
& 300 L i
.
1200 A ] )
e Zm ]
j; A "
a o900 A 100 I .
_ ™ A »
£ 600 %
E 0 —~——
300 300000 Tosqomo B
. A e ST
0 = -é—_-._:"
450000 650000 850000 1050000 1250000
(5) aujn
A LS @ ST LK NE
- 300 5
1
! (V) ey bi [ [ !
b R PO I * TP 1.5 1,55 1% '
i '1150[: "‘i‘ < 200 R :i A |
' 4 1000 " k] . 91 Xﬁ% |
= ‘u £ 100 os X !
' E 500 = ~ ED XXy !
0 = 0 bl ¥ 0 * |
: 450000 700000 950000 900000 1100000 1300000 1045000 1065000 1085000 |
‘.\ (S) e 5 LY {S:’ ] Jrr

¥ aSecs 53 SPEA-TI 5 PESA-I gl 5951 55, (gl yloges :(8) JSCb

\&4



\A4

Oln! S 9 Gl (pusian (Sidgy (oode &y
VP bl . cld g o o kol o0 3l90 JLw

Y a5 3 SPEA-I g PESA-I sl 593 cusin die Hls> 1(8) Jgo

ey sl el ®) a3
PESA-I1I \ARARARS

v SPEA-Il  a-0)0V/Y

@ PESA-II INERRA
T SPEA-II VYYFFA?

Yo PESA-II Ve £avay

© S SPEA-II yeparay

(M) HLiSd dguos’ (Min) 1,21 4lo
AERIANS YY/ov
ARV \ig
Yaana VEFNY
\R¥Avd \INZAg!

AN
\A1

caz SPEA-L 42,68l 6l aipzn sl ,o lid e
ange Sl aJy e (oY aSen gileange
O85 B G wisl sl 4 Ces olie

Dy se JLa8 jlxe sgam Sl (gasT anyje

4 Laney et al. (2001) lawgs a5 owsY diges 4l
Sras alize bylpd gl coabd pae I Gals jslate
S b aog ot Ol Sy wi o8 Lawgs aSed o
YAV TY Joleo gla iy oad a8 5 Lo o slaaly)
Slapi 65l bwgs gile aige 3l w45 il Yo
QYo VoFAYAY Ll slase SPEA-IL 4 PESA-II
S izmed g 4D 5 (g Lad 09eS mb g
ol YU ol Ko

et ol quig SeaSd iluains sl Beios ol 5o
solazwl SPEA-II 4 PESA-II adoaais slapi X! 5
o ai3a (18,5 a5 )8 gy )l SG lae Sl cnlad
S5 90 b ojwlial i Sl 5 Jilas al] |
ol ane (18,5 5 o b s g Ve g )
&by olaibinl [Lad iSlas g Plas polis 5l gaws
90 Slr s Sloz iy w4 O, U ol,SS L e
Oy ddgd elul LQ:QT S ,Slas o |l aigal a5l
Bged 4D 95 5 sln (21Kes 4 o ey g s
b ols plis gl (IS jebay (285 18 o)l 950
Al ags oty 8L o YL HUle e 56l
Slhsass amze (38,5 Sl o b asly lzl )90 o

sl codie Ol ulaln (0) Jyoo 4 4z b

9008, 95 2 55 Jsl Gy 5o PESACIL 2,55l
3,18 929 (gie jLa8 oS 5l (g ke jo 5 VL JLid
Bla> 5l 505 0 ojled 0,5 ;0 Cepus SIS Ve o
A Voojled o) ;0 S p S SE Ve e e
39S STV e 5l G 290 9 59 el jlone ST
aSeh sladlg) JS 50 S p Bl e yho aSLD o lad
"5 Sl (2508 4 iy Oloj el Sl 0390500 5

BRI I E

g 4 ooy slacly olaws g cunl o )|, SG sl 5l 5
OB 5 Gl Sl s oSS ple 4 S
Slp ez @b o Jlad jlre sgax Gl gasd ange
s 1Y 4D (g5ldigy gz PESACIL oo 53l
sl szl ar S il age Glaclex oy
m0 LS e dgu 5l guas anze (285 LA )3 e

Dgd

SPEA- 2,580l 121 5l ol s slaclsz o

S8 0gaS Ve e e gV e v gla)lS5 o sl s, o |
s STV vl ol Caiie Olgz )0 0,00 0929
Slez 50 abl oo jle ey JBlas 51 505 IY dlg) yo
05 3 lealy) 3 G S5 Yoo el ol e
P9> P9y 03 318 518 0ol (sl slome e3gaoe )3 aSD
9 95 2929 ASed )3 (5)Lid d9eS e 1SSV L
W&yl L1538 slxe oogaste ;o aSLl sladly) den yo oy
2l 5l eSSl @IS 4 Gans) Oloy Geizen
sl Sl i a4 Seo5 slaclyz slass 5 b IS5
Sga> 5l gass aize (58,5 A )3 ulply Sl bl ST



o

el g e

VEo L SPEA-N o2y,680l o Yoo L PESA-II a6l
S )3 yho Jlid 35S Eoame g dingy dje 4 1SS
ol anze b alie )0 (598l 95 yo a5 il cwwd
Lansey et lawg oo 3l )| aSls solpion slo,ks
@)l 1y Gpomb anie b jowle Ol al. (2001)
G5 A 3 b e yesl 9o e ol LA gl cnl sl
by 5o cainze b o )Lad slxe Sga> 5l goes an e
(rreS g 4ed 50 jho Jlad 05eS b lacls> (08

ilodgs 3950 4l jo

olnl o 5 Golel s (id g3y sole 4yt
1Fe) el el g o o kol o0 3l90 JLw

Sl gldals g0 aSlils ;o LSS Y L jlid jlxe o0gumre
OL 1) (ormilin 8 Soe 0 5981 99 52 Olg (p e oy
ol aiie 0 eS g jho lad 95aS b Sls 4 g sl
Cewd 39 Yo FYAe e v Jolee a5 Gliaz plo 0 oo
90 2 5 2lRes a4 Goes) gloy Sl g sl
g Olidos plo 5l Somb Jlaw HISS olaas b o 565l
2 e Ny dinte Slez 4 (YL (2l Ses s
0dgaa | (gani aja 18,5 las s b aely gl l O e
«Dloz Cn e ag Sl (oY oSl o jlad e

&bw

Alperovits, E. and Shamir, U. 1977. Design of optimal water distribution systems. water resources

reearch, 13(6): 885-900.

Atiguzzaman, Md., liong, s-y. and xinying, yu. 2006. Alternative decision making in water
distribution network with NSGA-II. water resources planning and management, 132(2): 122-126.

Bi, W., Dandy, G. C. and Maier, H. R. 2015. Improved genetic algorithm optimization of water
distribution system design by incorporating domain knowledge. Environmental Modelling & Software,

69: 370-381.

Corne, D. W., Knowles, J. D. and Oates, M. J. 2000. The pareto-Envelope based selection algorithm
for multi-objective optimization.In: Parallel problem solving from nature-PPSNVI, Berlin, pp. 839-

848.

Cunha, M. D. C. and Sousa, J. 1999. Water distribution network design optimization: simulated
anneling approach. Water Resour Plann Manage, 125(4): 215-221.

Do, N., Simpson, A., Deuerlein, J. and Piller, O. 2017. Demand estimation in water distribution
systems: solving underdetermined problems using genetic algorithms. Procedia Engineering, 186:

193-201.

Eusuff, M. M. and Lansey, K. E. 2003. Optimization of water distribution network design using
the shuffled frog leaping algorithm. Water Resour Plann Manage, 129(3): 210-225.

Ghajarnia, N., Bozorg, H. O. and Marino, M. A. 2010. Performance of a novel hybrid algorithm in
the design of water networks. Water management, 164(4): 173-191.

Khedr, A., Tolson, B. and Ziemann, S. 2015. Water distribution system calibration: manual versus
optimization-based approach. Procedia Engineering, 119: 725-733.

Lansey, K. E., EL-Shorbagy, W., Ahmed, I., Araujo, J. and Haan, C. T. 2001. Calibration assessment
and data collection for water distribution network. Journal of hydraulic engineering, 127(4): 270-279.

Lin, M-D., Liu, Y-H., Liu, G-F. and Chu, C-W. 2007. Scatter search heuristic for least-cost design
of water distribution networks. Engineering Optimization, 39(7): 857-876.

Marques, J., Cunha, M. and Savi¢, D. A. 2015. Multi-objective optimization of water distribution
systems based on a real options approach. Environmental Modelling & Software, 63(C): 1-13.

Minaei, A., Haghighi, A. and Ghafouri, H. R. 2019. Computer-Aided decision-making model for
multiphase upgrading of aged water distribution mains. Water Resour Plann Manage, 145(5): 1-11.

VA



va

Oln! S 9 Gl (pusian (Sidgy (oode &y
VP bl . cld g o o kol o0 3l90 JLw

Montesinos, P., Garsia-Guzman, A. and Ayuso, J. L. 1999. Water distribution network optimization
using a modified genetic algorithm. Water Resources Research, 35(11): 3467-3473.

Moosavian, N. and Kasaee Roodsari, B. 2014. Soccer league competition algorithm: A novel meta-
heuristic algorithm for optimal design of water distribution networks. Swarm and Evolutionary
Computation 17(Supplement C), 14-24.

Mora-Melia, D., Martinez-Solano, F. J., Iglesias-Rey, P. L. and Gutiérrez-Bahamondes, J. H. 2017.
Population Size Influence on the Efficiency of Evolutionary Algorithms to Design Water Networks.
Procedia Engineering, 186: 341-348.

Palod, N., Prasad, V. and Khare, R. 2020. Non-parametric optimization technique for water
ditribution in pipe networks. Water Supply, 20(8): 3068-3082.

Sedki, A. and Quazar, D. 2012. Hybrid particle swarm optimization and differential evolution for
optimal design of water distribution systems. Advanced Engineering Informatics, 26(3): 582-591.

Savic, D. and Walters, G. 1997. Genetic algorithms for least-cost design of water distribution
networks. Journal of water resources planning and management, 123(2): 67-77.

Zheng, F., Simpson, A. and Zecchin, A. 2015. Improving the efficiency of multi-objective
evolutionary algorithms through decomposition: An application to water distribution network design.
Environmental Modelling & Software, 69(C): 240-252.

Zitzler, E., Laumanns, M. and Thiele, L. 2001. SPEAZ2: Improving the strength pareto evolutionary
algorithm. Computer engineering and networks laboratory (TI1K), Department of electrical engineering,
Swiss Federal Institute Of Technology (ETH), 103: 1-21.

Zitzler, E. and Thiele, L. 1999. Multi-objective Evolutionary Algorithms: A comparative case study
and the strength pareto approach. IEEE Transactions on evolutionary computation, 2(4): 257-272.



/A olnl o 5 Golel s (id g3y sole 4yt
1Fe) el el g o o kol o0 3l90 JLw

el g e

Multi-Objective Optimization of Urban Water Distribution Networks
Using PESA-I1 and SPEA-I1 Metaheuristic Algorithms

Negin Zarei!, Arash Azari?, Mohammad Mehdi Heidari?

Abstract

As for the severe limitation of water resources, costly construction and operation of water supply
systems and rapid population growth, the optimal design of these networks is essential. The problem of
cost minimization is done by minimizing the diameter of the network pipes, which reduces the pressure
in the network. Since providing adequate pressure in the nodes is one of the important design principles,
so in this study, the problem of optimization in several sample networks was defined with the objectives
of minimizing the cost and lack of pressure in the whole network. EPANET software was used for
hydraulic analysis of sample networks and the multi-objective optimization process through coding of
PESA-II and SPEA-II algorithms in MATLAB software and their connection to EPANET face Took.
The cost function was initially defined only by considering the relationship between cost, diameter, and
pipe length. Then, in the next definition, the cost of exceeding the allowable pressure range, where the
minimum and maximum allowable pressures are 30 and 60 meters, respectively, was added to this
function, and the program again with the number of repetitions that ended in the best answer Was
implemented. The results showed that these algorithms have a high ability to find optimal solutions. In
these algorithms, considering the cost of exceeding the allowable pressure limits results in the best
answer that other researchers have ever obtained for sample networks, which for the two-loop and
lansey network, The cost was 419000 and 1069393 $ respectively, and the pressure shortage was zero
and with a low number of iterations, in the two-loop network for both algorithms with 20 iterations and
in the lansey network for PESA-II and SPEA-II algorithms with 200 and 140 iterations respectively,
to achieve a higher number of optimal answers and the time to achieve convergence is significantly
reduced, so that in the two-loop network, the execution time of PESA-II and SPEA-II algorithms are
0.55 and 0.59 minutes respectively, and in the lansey network It was 1/8 and 7.4 minutes respectively.

Keywords: Multi-Objective Optimization, Urban Water Distribution Network, PESA-I1, SPEA-
I
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Abstract

As for the severe limitation of water resources, costly construction and
operation of water supply systems and rapid population growth, the
optimal design of these networks is essential. The problem of cost
minimization is done by minimizing the diameter of the network pipes,
which reduces the pressure in the network. Since providing adequate
pressure in the nodes is one of the important design principles, so in this
study, the problem of optimization in several sample networks was
defined with the objectives of minimizing the cost and lack of pressure in
the whole network. EPANET software was used for hydraulic analysis of
sample networks and the multi-objective optimization process through
coding of PESA-II and SPEA-II algorithms in MATLAB software and
their connection to EPANET face Took. The cost function was initially
defined only by considering the relationship between cost, diameter, and
pipe length. Then, in the next definition, the cost of exceeding the
allowable pressure range, where the minimum and maximum allowable
pressures are 30 and 60 meters, respectively, was added to this function,
and the program again with the number of repetitions that ended in the
best answer Was implemented. The results showed that these algorithms
have a high ability to find optimal solutions. In these algorithms,
considering the cost of exceeding the allowable pressure limits results in
the best answer that other researchers have ever obtained for sample
networks, which for the two-loop and lansey network, The cost was
419000 and 1069393 $ respectively, and the pressure shortage was zero
and with a low number of iterations, in the two-loop network for both
algorithms with 20 iterations and in the lansey network for PESA-1I and
SPEA-II algorithms with 200 and 140 iterations respectively, to achieve
a higher number of optimal answers and the time to achieve convergence
is significantly reduced, so that in the two-loop network, the execution
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time of PESA-II and SPEA-II algorithms are 0.55 and 0.59 minutes
' respectively, and in the lansey network It was 1.8 and 7.4 minutes
- respectively.

1.  Introduction

Due to the complex relationships between the various components of water distribution networks, it is
challenging to determine changes that lead to improved network design, even in medium-sized
networks. Therefore, many efforts have been made to solve the problem of optimizing these networks.
The use of multi-objective algorithms with two-dimensional decision space has received limited
attention. On the other hand, in all the methods used, the cost criterion as one of the objective functions
is only a function of the length and diameter of the selected pipes and the penalty for exceeding the
minimum and maximum allowable pressure in the nodes is an essential factor. The algorithm is not
considered in accelerating the convergence. Therefore, in this research, by using different methods and
comparing and modifying the structure of these algorithms, valuable suggestions for extending it to
other networks are presented.

2. Materials and Methods

EPANET software was used to analyze water supply networks' hydraulic analysis in this research. The
optimization of this system was done by coding PESA-II and SPEA-1I meta-exploration algorithms in
the MATLAB software environment and connecting it to the body of EPANET software by using
appropriate computational tools. The optimization problem was solved through a two-loop network and
Lansey in the form of a multi-objective function. The first goal was to minimize the cost of designing
the system versus the second goal of reducing the total pressure shortage in the entire system.

The cost function was defined in two ways. In the first method, this function is defined as equation (1)
and only considers the relationship between cost and diameter and length of pipes. According to
equation (2) in the second method, the penalty for exceeding the allowable pressure range Was also
added to the relationship.

MinimizeF1= ¥NL Ci(D;) x L (1)

MinimizeF1 = (X (3.5712 exp(0.0081(Dy))) X L; )/1000) + (r X (cp + cm))

)

where, C;(D;) is the cost of each unit length of pipe with the diameter Di, , Li is the length of the pipe i
and NL is the number of pipes in the network.

r is the penalty for violation of the allowable pressure range, which is a random number between zero
and one hundred. Cp is the cost resulted from the violation of the maximum allowable pressure and Cm
is the cost due to pressures lower than the minimum allowable limit.

Minimizing the total pressure shortage in the whole system was also calculated from equation (3).

MinimizeF2=Minimize};}{; (Max((p/"™ — p;),0)) (3)
Pjmin is the minimum pressure required at node j, Pj is the computational pressure at node j, and NP is

the number of nodes in the network.

3. Results

Two ways investigated the optimization of two-loop and lance networks using PESA-1I and SPEA-I1I
algorithms. Once, the results of these algorithms were compared by defining the cost function based on
the diameter-cost relationship with 10,000 and 20,000 repetitions. In the next method, the results of
their implementation were performed by considering the penalty of exceeding the allowable pressure
limits in the cost function with the number of repetitions to reach the best answer and were compared
with the results of the previous method.

In the two-loop network based on the selected answers obtained from the implementation of algorithms,
for the PESA-I1I algorithm in the first method, there is a lack of pressure, and in the second method with
20 repetitions, without a lack of pressure, cost and time to reach convergence is much less than the first
method. For the SPEA-II algorithm in both ways, the pressure shortage is zero, and the cost and time
to achieve convergence in the second method with 20 repetitions is much less than in the first method.
In the launch network, the pressure deficit is high based on the selected results obtained from the
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implementation of both algorithms in the first method. In the second method, the PESA-II algorithm,
after 200 iterations and the SPEA-II algorithm, after 140 iterations, due to zero pressure, arrived in the
network. The time to reach their convergence is much less than the first method.

4.  Discussion and Conclusion

In the case of running the program, considering the cost of exceeding the allowable pressure limit, in a
two-loop network with 20 repetitions, both algorithms achieved the answer with zero pressure deficit
and the lowest price obtained in other research, which was equivalent to $ 419,000. In terms of time to
reach convergence, the optimal answer was obtained with a much lower repetition rate than other studies
and a high convergence rate. In the lance network, the PESA-II algorithm with 200 and the SPEA-II
algorithm with 140 replications achieved the optimal cost and total zero pressure deficit in the network,
both of which are compared to the cost of the proposed network diameters provided by Lansey. et al.
(2001), which was equivalent to $ 3119022, provided a more appropriate answer with a lower cost of $
1069393. These results showed that both algorithms, considering the cost of exceeding the allowable
pressure limits in the cost function, have successfully found answers with zero pressure deficit in the
network and the lowest price.
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